The aim of this study was to explore the potential effects of long noncoding RNA (lncRNA) LINC003121 on thyroid cancer (TC) cell proliferation and invasion and to explore their possible mechanisms with the involvement of the PI3K/Akt signaling pathway.
Background
Thyroid cancer (TC) is a common endocrine malignancy, and contains a variety of different histological types, including differentiated TC, undifferentiated (anaplastic) TC, and medullary TC [1] . The incidence rates of TC have been increasing worldwide, and it can affect males and females at all ages, with the most rapid increase found among women of reproductive age [2, 3] . Women are more likely to have TC than men, with a female: male sex ration of 3: 1 [4] . Risk factors that increase the incidence of TC can be divided into 2 main types: exogenous (e.g., exposure to ionizing radiation, iodine intake, westernized lifestyle, and environmental pollutants) and endogenous (e.g., thyroid-stimulating hormone levels, autoimmune, thyroiditis, obesity, and insulin resistance) [5] . TC is usually asymptomatic and is often incidentally found in routine examinations, and only about 5% of nodules are malignant; however, 3~15% of TC patients show distant metastases at diagnosis, and another 6~20% develop distant metastases during followup [6, 7] . Although TC usually has an excellent prognosis, few treatment regimens are available [8] and new treatment targets are urgently needed.
Long noncoding RNAs (lncRNAs) are endogenous cellular RNAs (>200 nucleotides in length) that lack an open reading frame of significant length [9] . A recent report revealed that the abnormal expression of lncRNAs results in tumor-suppressive and pro-tumor effects in different types of cancer [10] . Additionally, increasing evidence demonstrates that lncRNAs modulate a number of cellular functions, including cell growth, differentiation, cell cycle progression, and apoptosis [11] . Long intergenic noncoding RNA LINC00312 (LINC00312), also referred to as NAG7, is a long intergenic noncoding RNA located on 3p25.3 and has been proven to be a novel putative tumor suppressor gene in many cancers [12] . A previous study also confirmed that LINC00312 can serve as a potential biomarker for progression, metastasis, and prognosis in nasopharyngeal carcinoma [13] . The phosphoinositide 3-kinase (PI3K)/Akt pathway was found to play a fundamental role in the tumorigenesis and aggressiveness of human cancers, including TC, prostate cancer, and gastric cancer [14] [15] [16] . Subsequently, this signaling pathway also has been established to have important roles in regulating cell proliferation, differentiation, division, and apoptosis, and, when disordered, it promotes tumorigenesis [17] . Previous studies demonstrated that genetic alterations are common in many components of the PI3K/Akt signaling pathway in TC, and the PI3K/Akt signaling pathway is an attractive therapeutic target for TC [18, 19] . Therefore, the relationship between the PI3K/Akt signaling pathway and TC is well-established, but the exact relationship between LINC00312 and the PI3K/Akt signaling pathway in TC remains to be explored.
Material and Methods

Ethical statement
The study was approved by the Ethics Committee of the First Affiliated Hospital of Nanchang University. Informed consent forms were signed by all enrolled patients.
Study subjects
Between October 2013 and August 2015, 211 patients (99 females and 112 females) diagnosed with TC and who underwent primary surgical resection at the First Affiliated Hospital of Nanchang University were enrolled in our study collecting 211 TC tissues and 70 adjacent normal tissues (2 cm away from the tumor site). All the collected samples were confirmed by pathological examination. Before enrollment, none of the patients had received any TC treatment and had no severe systemic diseases such as malignant tumors or severe systemic infections. The collected samples were stored at -70°C for further use.
Cell culture K1 (papillary TC), SW579 (squamous TC), and 8505C (anaplastic TC) cell lines were purchased from the Chinese Academy of Sciences (Shanghai, China) and were cultured in Dulbecco's modified Eagle's medium (DMEM) (Promega, Madison, WI) containing 15% FBS (HyClone, Logan, UT) and 100 U·mL -1 streptomycin sulfate (Invitrogen-Gibco). The human thyroid follicular cell line Nthy-ori3-1 was purchased from ATCC (Manassas, VA, USA) and was incubated in RPMI Media1640 (InvitrogenGibco) containing 10% FBS, 100 U·mL -1 penicillin G sodium salt and 100 U·mL -1 streptomycin sulfate. The above cells were all incubated at 5% CO 2 in an incubator with 95% relative humidity at 37°C. When cells reached 80% confluency, sub-culturing was conducted. After that, cells were washed 2 times with PBS and digested with trypsin. The trypsin was discarded when the intercellular space was enlarged. Cells were passaged without suspension in the culture medium.
Cell transfection
LINC00312 siRNA and negative control (NC) siRNA were constructed by Sangon Biotech (Shanghai, China). The sequences of si-LINC00312 were: sense, 5'-CCCAGGUACUAAGUUAUGUTT-3' and antisense, 5'-ACGUGACACGUUCGGAGAATT-3', and the sequences of si-NC were: sense, 5'-UUCUCCGAACGUGUCACGUTT-3' and antisense, 5'-ACGUGACACGUUCGGAGAATT-3'. According to the NCBI Reference Sequence, NR_024065.2, LINC00312 overexpression plasmid was constructed. pcDNA3.1 vector was used as plasmid vector and empty control (Invitrogen, Shanghai, China). Cells were cultured in 6-well plates, and according to the instructions, siRNA or NC were transfected into cells using Lipofectamine 2000 (Invitrogen, USA), and plasmid vectors were transfected into cells using X-treme GENE HP DNA transfection reagent (Roche, Basel, Switzerland). After 48 h, cells were harvested for the following experiments.
Quantitative real-time polymerase chain reaction (qRT-PCR)
Total RNA was extracted from TC tissues and adjacent normal tissues using the TRIzol method (Invitrogen, Carlsbad, CA, USA). The obtained RNA was dissolved in 0.1% diethylpyrocarbonate water (Fermentas, Glen Burnie, MD, USA) and then optical density (OD) at 260/280 nm and RNA quality were detected. Reverse transcription and PCR were also conducted in accordance with the instructions. Reverse transcription was performed as follows: 10 min at 74°C, 2 min of ice bathing, 60 min at 42°C, and 10 min at 70°C. The reaction conditions were: pre-denaturation at 95°C for 1 min, and 40 cycles of at 95°C for 15 s, at 60°C for 30 s, and at 72°C for 30 s. The relative expression of target genes was calculated using the 2 Cell counting kit (CCK)8 assay K1, SW579, and 8505C cells in logarithmic growth phase were digested with trypsin and the cell concentration was adjusted. Cells were seeded into a 6-well plate with 1×10 5 cells/well, cultured in an incubator for 24 h, and then transfected. After that, the cells were digested with trypsin and the cell culture medium was collected and placed into centrifuge tubes. The cells were then seeded in 4 96-well plates (3000 cells/well) when the cell concentration reached 3×10 5 /ml. Four groups were set in each plate with 4 replicates set in each group. The samples were incubated in culture plates with 5% CO 2 at 37°C in an incubator. The plates were taken out after 24, 48, 72, and 96 h of incubation. CCK8 solution (10 μl, Sigma, SF, USA) was added into each well (avoiding bubbles). The culture plates were placed in an incubator at 37°C with 5% CO 2 for 2 h. The OD value was measured at 450 nm using a microplate reader (Bio-Rad, Cal, USA). The experiment was repeated 3 times.
5-ethynyl-2'-deoxyuridine (EdU) incorporation assay
After transfection for 48 h, EdU incorporation assay was performed in K1, SW579, and 8505C cells using the Cell-Light EdU imaging detecting kit (RiboBio, Guangzhou, China) according to the instructions. As an alternative thymidine analog, incorporation of EdU can label and identify cells undergoing DNA replication. EdU-positive cells were calculated with the formula=(EdU add-in cells/Hoechst stained cells)×100%.
Transwell assay
Matrigel (30 μl) was dissolved overnight and diluted with FBSfree DMEM in triplicate volume. After that, Matrigel was added into each well in the upper chamber (added at a 15-min interval). Each well in the upper chamber was inoculated with 2×10 4 cells. DMEM (0.5 ml) containing 10% FBS was added to each well of the lower chamber. After 24 h of incubation, the cells in each well were fixed with paraformaldehyde and stained with 0.1% Crystal Violet for 0.5 h to remove the uninfected cells from the upper chamber. Next, cells were washed with 0.1M PBS. Fields were randomly selected for counting and photographing cells under a light microscope. The experiment was repeated 3 times. The cells passing through the Matrigel were analyzed to determine the invasion ability.
Inhibition effect of LY294002 on PI3K/Akt in cells K1, SW579, and 8505C cells were inoculated into a 6-well plate and incubated at 37°C overnight. After that, the cells were treated with 25 μmol/L LY294002 (San Diego, CA), a phosphatidylinositol 3'-kinase (PI3K) inhibitor for 72 h, followed by transfection of lentivirus.
Western blotting
Protein was separated by 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred into nitrocellulose membranes. Membranes were incubated with the primary antibodies anti-MMP9 (Abcam), anti-PI3K (Abcam), anti-p-Akt, and anti-t-Akt (Abcam) at 4°C overnight. Then, membranes were washed and incubated for 2 h with the addition of horseradish peroxidase (HRP)-labeled anti-rabbit secondary antibodies (Prosci Inc., Poway, CA). Subsequently, electrochemiluminescence reagents (Pierce antibodies; Thermo Fisher Scientific) were added for detection and visualization.
Immunohistochemistry
The 8505C tumors were formalin-fixed, embedded in paraffin, and cut into 6-μm sections. Antigen retrieval was conducted in 10 mM sodium citrate buffer (pH 6) at 96-98°C for 16 min. After that, the sections were incubated with primary antibodies against MMP2 (Abcam). Subsequently, according to the instructions, sections were incubated with the Cell & Tissue Staining Kit HRP-DAB system (R&D Systems, Minneapolis, MN). Immunostaining was conducted with known positive and negative tumor controls and were blindly assessed by a pathologist.
Orthotopic TC xenografts in nude mice
The 8505C cells in logarithmic growth phase with stable transfection were digested with trypsin and made into cell suspension. Then, the cells were counted under a microscope, and cells were packaged and stored at -20°C for further use. Healthy nude mice age 6~8 weeks (Hunan SJA Laboratory Animal Co. Ltd, Changsha, China) were selected and grouped into blank, control vectors, LINC00312 vectors, si-control, and si-LINC00312 groups, with 5 mice in each group. The cell suspensions (1×10 5 ) were successfully injected into each group of cells into the left and right sides of the nude mice. After injection, the mice were raised with conventional method. After the tumors were formed, tumor size (length, width, height) was measured every 2 days and a rough calculation of tumor volume was also performed. The tumor volume was calculated with the formula: 1/2 × length × width 2 . Mice were sacrificed 3 weeks later, and all xenograft tumors were excised, weighed, and collected for immunohistochemistry and Western blotting.
Statistical analysis
SPSS20.0 software (SPSS, Inc, Chicago, IL) was used for data analysis, and measurement data are expressed by mean ± standard deviation. Comparisons between 2 groups were conducted by use of the independent-samples t test. Multiple group difference was analyzed by one-way analysis of variance (ANOVA), after which the LSD t test was used for comparison between groups. P<0.05 was considered statistically significant.
Results
LINC00312 was expressed at low level in TC cell lines and TC tissues
As presented in Figure 1A , LINC00312 expression was significantly decreased in TC tissues when compared with the adjacent normal tissues (P<0.01). Similarly, qRT-PCR demonstrated that the relative expression of LINC00312 was significantly decreased in K1, SW579, and 8505C cell lines compared with the human thyroid follicular cell line Nthy-ori3-1 (P<0.01, P<0.001 and P<0.001, Figure 1B) . To assess the role of LINC00312 in these cell lines, si-LINC00312 or an overexpression vector (LINC00312 vectors) were transfected into K1, SW579, and 8505C cells, and the transfection efficiency was more than 90% ( Figure 1C ). Figure 1D revealed that LINC00312 expression in K1, SW579, and 8505C cells were decreased by 46.0% (P<0.01), 32% (P<0.001), and 42% (P<0.001), respectively, after being transfected with si-LINC00312, while LINC00312 expression in K1, SW579, and 8505C cells was increased by 3.25 times (P<0.001), 3.88 times (P<0.001), and 4.02 times (P<0.001), respectively, after transfection with LINC00312 vectors.
The proliferation ability of TC cells was weakened after overexpression of LINC00312
In vitro, the effect of expression of LINC00312 on proliferation of K1, SW579, and 8505C cells was detected. CCK-8 assay showed that with the extension of time, the OD value was decreased gradually in cells after overexpression of LINC00312, while the OD value was increased after overexpression of si-LINC00312. Similarly, EdU incorporation assay showed that after overexpression of LINC00312, the proliferation rate of TC cells in the LINC00312 vector group was significantly lower than that in the control vector group (P<0.05), while the proliferation rate of TC cells in the si-LINC00312 group was significantly higher than that in the si-control group after si-LINC00312 overexpression (P<0.05, Figure 2A, 2B ). These results demonstrate that LINC00312 can regulate the proliferation of TC cells, the proliferation ability of TC cells was weakened after overexpression of LINC00312, and the proliferation ability of TC cells was enhanced after si-LINC00312 overexpression (Figure 2 ).
LINC00312 inhibits the invasion ability of TC cells
Transwell assay was performed to assess the effect of LINC00312 expression on invasion ability of K1, SW579, and 8505C cells. Results showed that the invasion ability of K1, SW579, and 8505C cells was inhibited after overexpression of LINC00312, and it was enhanced after si-LINC00312 overexpression (P<0.05). To further explore the mechanism of by which LINC00312 affects invasion, we used Western blotting to detect the TC invasion-related indicator MMP-9 [20, 21] . The results showed that the expression of LINC00312 can significantly affect the expression of MMP-9 (P<0.05), upregulation of LINC00312 reduced the expression of MMP-9 protein, and downregulation of LINC00312 increased the expression of MMP-9 protein (all P<0.05) (Figure 3 ). Overexpression of LINC00312 inhibited the activation of the PI3K/Akt signaling pathway in TC To investigate whether the PI3K/Akt signaling pathway is involved in the regulation of LINC00312 on TC cell proliferation and invasion, the expressions of PI3K, t-Akt, and phosphorylated Akt (p-Akt) were detected by Western blotting. Results revealed that overexpression of LINC00312 significantly decreased the expressions of PI3K and p-Akt (both P<0.05), low expression of LINC00312 significantly increased the expressions of PI3K and p-Akt (both P<0.05), and overexpression of LINC00312 had no significant effect on t-Akt expression (P>0.05). To further verify the effect of LINC00312 on the PI3K/Akt signaling pathway, we pretreated cells with LY294002 (an inhibitor of the PI3K/Akt signaling pathway). Western blotting results indicated that the effect of MMP-9 expression induced by overexpressed LINC00312 or si-LINC00312 could be weakened by LY294002 (P<0.05) (Figure 4) . Thus, LINC00312 can inhibit the activity of PI3K/Akt signaling pathway in TC cells and inhibits TC invasion to some extent. Results showed that after the expression of LINC00312 was increased, the number of cells penetrating the membrane was decreased, but the invasive ability was increased after low expression; (C, D) Western blotting was used to detect the MMP9 protein expression bands and statistical analysis maps, and results revealed that upregulation of LINC00312 reduced the expression of MMP9 protein, and downregulation of LINC00312 increased the expression of MMP9 protein. In vivo experiments demonstrated that LINC00312 inhibited the proliferation and invasion of TC cells
To determine the effect of LINC00312 on cell proliferation and invasion in vivo, the 8505C cells with overexpressed LINC00312 or si-LINC00312 and corresponding 8505C cells in the NC group were inoculated on the ventral side of the forelimb in nude mice. The results demonstrated that compared with the blank group, the growth of subcutaneous tumor with overexpressed LINC00312 was significantly inhibited, while the growth of subcutaneous tumors with si-LINC00312 was significantly increased. Similarly, immunohistochemistry was performed after tumor formation, and the results showed that upregulation of LINC00312 reduced the positive expression of MMP-9 protein and downregulation of LINC00312 increased the positive expression of MMP-9 protein. Finally, protein was extracted from tumor tissues, and Western blotting was performed, showing that the LINC00312 vectors group had decreased expressions of PI3K and p-Akt, while the si-LINC00312 group had increased expressions of PI3K and p-Akt ( Figure 5 ). 
Discussion
TC is the most common endocrine malignancy, with increased incidence in many countries, and it accounts for about 0.5% of cancer deaths worldwide every year [22, 23] . Thus, identification of new treatment methods for effectively inhibiting the growth and invasion of TC is needed. Mounting evidence proves that lncRNAs plays an important role in cancer pathogenesis [24, 25] . In our study, we assessed the relationship between LINC00312 and TC, demonstrating that LINC00312 can act as a tumor suppressor in TC by attenuating the PI3K/Akt signaling pathway, and LINC00312 could be a novel diagnosis biomarker and a promising therapeutic target for TC patients. First, LINC00312 expression in TC cell lines and tissues were detected by qRT-PCR, and the results indicated that LINC00312 is expressed at low levels in TC cell lines and TC tissues. LINC00312 is a newly discovered lncRNA. To the best of our knowledge, only 5 studies have reported the specific role of LINC00312 in diseases and cancers, including nasopharyngeal carcinoma, non-small cell lung cancer, bladder cancer, and TC. Zhang et al. first revealed that expression of LINC00312 was significantly down-regulated in nasopharyngeal carcinoma tissues [26] , and demonstrated that LINC00312 expression was positively correlated with lymph node metastasis but was negatively correlated with tumor size. A study focused on the role of LINC00312 in bladder cancer found lower expression of LINC00312 in bladder cancer tissues when compared with the adjacent normal tissues [27] . Additionally, lower expression of LINC00312 was also found in TC cells [13] , which is consistent with our result. These findings show the important role of LINC00312 in cancers.
TC cell proliferation and invasion were also detected via CCK-8/EdU and Transwell assay, and the results revealed that proliferation and invasion abilities of TC cells were weakened after overexpression of LINC00312. Tumorigenesis and cancer progression can be caused by genetic factors and environmental exposure, as well as by epigenetic alteration, including histone modifications, DNA methylation, and regulation by miRNAs or lncRNAs [28] . Accumulating evidence has suggested a crucial role of lncRNAs in modulating the development of cancer through multiple pathogenic processes, including cell differentiation, proliferation, and invasion [29] [30] [31] [32] NAG7, a newly-discovered putative tumor suppressor gene, was found to inhibit bladder cancer cell migration and invasion by its overexpression [27, 33] . Low expression of CASC2 was found in TC, and overexpression of CASC2 inhibited the TC proliferation and arrested the cell cycle at G0/G1 stage in TC cells [34] . To investigate the biological function of LINC00312 in TC cells in vivo, we designed orthotopic TC xenografts in nude mice. The results also confirmed that overexpression of LINC00312 inhibited the proliferation and invasion of TC cells.
More importantly, we found that overexpression of LINC00312 inhibited the activation of the PI3K/Akt signaling pathway in TC, and the role of MMP9 expression induced by overexpressed LINC00312 or si-LINC00312 could be weakened by LY294002. As a putative tumor suppressor gene, LINC00312 has been found to play a significant role in many cancers. Among the MMPs, MMP-9 was not only involved in extracellular matrix degradation during tissue remodeling, but also plays a significant role in pathological processes, including tumor invasion and metastasis [35, 36] . MMP-9 has been shown to be highly expressed and to play an important role in the pathogenesis of TC [37] [38] [39] . Previous evidence demonstrated that many kinds of signaling pathways, such as PI3K, p38MAPK, and MAPK/ERK, were essential signaling pathways involved in the activation of MMP-9 [39, 40] . It was also confirmed by previous studies that the tumor suppressor gene PTEN (a negative regulator of the PI3K/Akt signaling pathway), inhibited MMP-9-induced cell invasion and significantly reduced MMP-9 promoter activity [41, 42] . Thus, the relationship between MMP-9 and the PI3K/Akt pathway has been clarified. A recent study conducted by Liu et al. showed that LINC00312 can suppress TC cell invasion and tumorigenesis ability [13] . Therefore, we hypothesize that overexpression of LINC00312 inhibits the activation of the PI3K/Akt signaling pathway and then suppresses proliferation and invasion abilities of TC cells.
Conclusions
In conclusion, this study provides evidence that LINC00312 is significantly downregulated in TC, it can act as a tumor suppressor, and could be a novel diagnosis biomarker in TC by attenuating the PI3K/Akt signaling pathway. Due to the complicate mechanism involved in TC and in the lncRNAs, further research is needed.
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